INTRODUCTION
Karst systems are considered important underground reservoirs due to their ability to store large amounts of water, which allows the hydric supply of approximately 25% of the world population (Ford & Williams 2007) . These aquifers are usually the only source of drinking water in karst regions (Kovačič 2003 , Ford & Williams 2007 . By 2025, estimates are that 80% of the world population may require to use water from these regions (Forti 2002) . In Brazil, several urban centers use groundwater exclusively or as a complement for water supply. According to the Brazilian Institute of Statistics and Geography (IBGE 2003) , 61% of the Brazilian population is supplied with groundwater. In the state of Maranhão, northeastern Brazil, over 70% of municipalities are supplied with groundwater, while in the states of São Paulo and Piauí this percentage is as high as 80% (Brasil 2003) . In turn, in the Lagoa Santa karst region (state of Minas Gerais), 100% of water supply is provided by groundwater (Pessoa & Loureiro 2005) .
The chemical composition of water changes from the moment it enters the system through infiltration of rainwater, river water, and other sources. In karst regions, underground reservoirs present higher vulnerability to contamination due to the difficulty in depuration of waters in the subterraneous environment, which results from the rapid direct percolation from the vadose zone into the phreatic zone (Haddad 2007 , Villanueva et al. 2014 . Consequently, shallower aquifers rarely reflect real natural concentration levels, while deeper ones may be free from human impacts (Vázquez-Suñé et al. 2005 , Müller et al. 2006 . The state of groundwater in highly urbanized areas is especially affected by human practices due to agricultural and mining activities, which directly influence water quality parameters (Appelo & Postma 2005 , Fritzsons 2003 , Fritzsons et al. 2004 , Fritzsons et al. 2009 ).
Considering the natural complexity of karst landscapes and the availability of waters as an important natural resource, these areas and the aquifers found in them require special protection (Andreo et al. 2006) . With this intention, several countries have been using various methods to establish Natural Background Level (NBL) values for the concentration of chemical elements, especially those that present high toxicity. Due to the lack of a specific methodological concept to establish these values, the European community created in 2006 the Background Criteria for the Identification of Groundwater Thresholds (BRIDGE) project, which proposed a new definition of NBL and reference (REF) values for each substance (BRIDGE 2006 (BRIDGE , 2009 .
While the NBL of a given substance, or element, in groundwater may be defined as the range of concentrations derived from the interaction of various natural atmospheric, geologic, chemical, and biological processes during water infiltration and circulation, REF values for each substance are the already existing standards in various legislations (e.g., limits for drinking water) (Ducci & Sellerino 2012) . Natural concentrations and anomalies that may indicate either geogenic or anthropogenic occurrences can only be distinguished by defining NBL values (Hawkes & Webb 1962 , Reinmann et al. 2005 , Edmunds & Shand 2008 , Hinsby et al. 2008 .
Threshold values (TV) are used to identify anomalous values among a set of samples analyzed. Various methods may be adopted to find TV, since there is no simple value for thresholds, but rather distribution of background values and distribution of values that may be considered as anomalous (Tennant & White 1959 , Hawkes & Webb 1962 , Bolviken 1971 . One of the most applied methods to define these anomalies was the graphical method proposed by Lepeltier (1969) and slightly modified by Matschullat et al. (2000) . The lowest threshold is obtained in this approach by taking the median value plus two times the standard deviation, while the mean value plus two times the standard deviation results in the highest value (Andriotti 2010).
In South America in general, including Brazil, there are only a few studies focusing on the representation of natural background levels for sensitive waters, such as karsts. In water and sediments of Samborombón Bay, Argentina, Schenone et al. (2007) presented NBL 90% for trace metals (As 3+ , Cd, Cr, Cu, Mn, Ni, Pb, Zn 2+ ), both in high and low periods. From this, they observed that higher values occur in low period water, and lower values in the high water period due to the dilution effect. The authors concluded the lowland of Samborombón Bay would be retaining metals transported by the watercourses that drain to the bay. Recently, for the karst region of Lagoa Santa, MG, Brazil, Aragão et al. (2018) presented NBL values for some indicative elements of anthropic pollution: nitrate, nitrite, chloride, fluorine, phosphate, sulfate, and total solids dissolved. From the results, urban occupation anomalies were evidenced in some places of the study area. Therefore, the authors reported that the determination of NBL values proved to be an important tool in the management of groundwater resources, especially in aquifers more vulnerable to contamination, such as karst.
To date, there have been no other studies on this subject in the study area. The São Miguel River watershed from the Arcos Pains karst province is part of the São Francisco River watershed. Along with its karst aquifer, this system is the main source of water supply consumption for human, animal and irrigation in the region southeastern Brazil (Dias & Velásques 2002 , Menegasse et al. 2002 , IGAM 2005 , Haddad 2007 , Haddad & Magalhães Jr. 2010 , SEE 2012 , Pereira 2018 .
The study aimed to establish NBL values for the groundwater of the karst region of the São Miguel River watershed and to understand the influence of seasonality. Knowing the NBL values of these waters becomes an indispensable measure to understand anomalies, especially those of human origin. Thus, NBL values can be used to establish regulating limits, which are of paramount importance to local administrators and environmental agencies (Edmunds et al. 2003) .
SITE DESCRIPTION
The São Miguel River watershed (520 km 2 ), located in the central-western region of the state of Minas Gerais, Brazil ( Fig. 1) , is characterized by a typical and well-developed karst, regarding both exo and endokarst levels (SEE 2012 , SUPRAM 2013 , Timo 2014 ). According to the climatic classification proposed by Köppen and Geiger and updated by Alvares et al. (2013) , the climate of the region is type Cwa, presenting warm and humid summers and dry winters. Menegasse et al. (2002) conducted a hydroclimatic characterization of the São Miguel River watershed using areas of influence of the Arcos, Iguatama and Olhos D'Água Farm stations, with data from 1975 through 1989, obtaining the mean rainfall value of 1.325 mm. This value was very close to the mean rainfall value recorded for 2017 (1.379 mm). Regarding monthly rainfall, the driest month (August, 14 mm) presented a difference in rainfall of 256 mm compared with the rainiest month (December, 270 mm). Throughout the year, mean temperatures varied 6.6°C, with 24°C found as the mean temperature of the warmest month of the year (January) and 17.4°C the mean value of the coldest month (June).
Geologically, the area is in the southwestern limit of the southern portion of the São Francisco Craton (Almeida 1977) , which is characterized by the occurrence of Neoproterozoic limestones of the Sete Lagoas Formation (Bambuí Group), by Archean rocks of the Granite-Gneiss Complex (basement), and Cenozoic unconsolidated sediments (Félix & Freitas Júnior 2000) . Basement rocks outcrop only in the easternmost portion of the area with light gray, coarse-grained granitoids of incipient foliation, essentially composed of quartz, feldspars and biotite (Saadi 1991) . Rocks from the Bambuí Group represented by the Sete Lagoas Formation (Dardenne 1978) lay discontinuously upon the basement. This formation is divided into two members (Ribeiro et al. 2003) : Pedro Leopoldo, at the base, comprising light-colored calc-siltites, marls and pelites; and Lagoa Santa, at the top, characterized by medium to fine-grained dark limestones and dolomites. The latter member is the thickest and is distributed over a larger area across the São Miguel River watershed (Fig. 2) .
The groundwater of the Upper São Francisco region is compartmented into four aquifer systems (Mourão et al. 2001) : granular (alluvial, sandstone, and colluvial-eluvial); karst; karst-fissure; and fissure (metapelites, schists, quartzites, itabirites, and metamorphic rocks). Regarding the karst aquifers, values of transmissivity (T ) and, consequently, conductivity (K ) and hydraulic permeability (k) may vary according to the vertical position of limestones, which, in most cases, are higher in zones which present more altered limestones, near the surface (epikarst), exponentially decreasing as depth increases. Similarly, in the karst aquifers of the Sete Lagoas Formation in the municipality of Sete Lagoas (MG), Galvão et al. (2015) identified increase between four and six orders of magnitude in hydraulic conductivity values.
Pereira (2018) reported that pastures represent the highest percentage of land use in the basin (61%), constituted by agricultural and livestock areas, while mining and urban occupation areas compound the total of 3.5% (Fig. 3 ).
MATERIALS AND METHODS
Groundwater samples were seasonally surveyed in the study, and the chemical signature of certain elements were statistically analyzed to understand the influence of seasonality, geology, and use and occupation of the targeted watershed.
Four sampling campaigns were conducted (two during the dry season and two during the rainy season) for the hydrochemical monitoring of the watershed. These campaigns took place in four different types of sampling stations: dug wells (6) (excavated in soil, 3 to 12 m), tubular wells (16) (depths varying from 8 to 150 m), springs/sinkholes (3) (with small stretches of exposed river), and caves (9) (Vaca Queimada, Moranga, Éden, Loca Feia, Mastodonte, and Narigudo caves presenting underground river; Loca D'água cave presenting a spring, and Carneiro and Lagoa do Retiro caves presenting water flows that disappear inside the caves where the route of these waters are unknown) (Fig. 2) . The total of 153 samples were collected, of which 78 were taken during the dry season and 75 during the rainy season.
The land use map adapted by Pereira (2018) (Fig. 3 ) was made using images with spatial resolution of 30 m, captured in 2014 by the operational land imager sensor (OLI) installed onboard the Landsat-8 satellite, made available by the US Geological Survey (USGS). These images were analyzed using the software ESRI ArcGIS 10.3.
Water samples were filtered, acidified with ultrapure nitric acid, and stored in a fridge at 4°C. . Finally, alkalinity was determined through the titration method (Greenberg et al. 1995) .
Only results that presented ionic balance difference (IBD) values ranging 10% were used to calculate this parameter (Custodio & Llamas 2001 , Feitosa et al. 2008 . Water geochemical types were determined by using the Piper diagram (Piper 1944) .
NBL, meaning the accumulated frequency of the concentrations of samples collected according to the methods proposed by ISPRA (2009) Ribeiro et al. 2008 , CPRM 2012 .
are defined as the 90 th and 95 th percentiles derived from the probability distribution per sampling period (dry and rainy season). Statistical treatment of data and box plots were elaborated using the Office platform and the software Minitab 16. Hydrochemical data obtained were plotted as isovalue maps using the software ArcGIS 10.3, applying the following system tools (extensions): Spatial Analyst, Spatial Tools and Inverse Distance Weighted (IDW).
RESULTS AND DISCUSSION
Some anomalies, which will be described ahead, are possibly related to watershed use and occupation patterns; this condition can be better understood through an analysis of Figure 3 . This figure shows access roads and two large urban centers, the municipality of Arcos to the east, and Pains in the central portion of the watershed. In addition, there is a large number of mining sites over the area, the majority of which is located within the Lagoa Santa Member (Fig. 2) . Agricultural activities (bean, corn and sugar cane crops, eucalyptus plantations, and pastures), livestock activities and remnants of native vegetation are distributed across the entire watershed.
Groundwater in the São Miguel River watershed can be predominantly classified as calcium bicarbonate type (Fig. 4) , reflecting the essentially carbonate composition of the geologic framework (Fig. 2) .
NBL values and TV for Ca anomalous concentrations of potassium (K + ) (1.72 in dry and 2.43 mg/L in rainy season) occurred mainly in the area where the granitic basement outcrops, to the east. In turn, anomalous concentrations of sodium (Na + ) (7.53 in dry and 4.74 mg/L in rainy season) occurred in the northern area of the watershed, close to the river mouth (Fig. 6) .
These behaviors seem to reflect geogenic influence (Fig. 2 ) and anthropogenic contributions, whether due to mining-related activities or influence from the use of chemical fertilizers in agriculture, or even domestic effluent discharge (Fig. 3) . Dias-Oliveira et al. (2017) reported that the highest concentrations of calcium and magnesium for the groundwater of the São Miguel River watershed were found near mining activities. This corroborates Fritzsons et al. (2009) , who, in a study conducted in the karst region of the state of Paraná, southern Brazil, reported that local mining activities altered waters, since dolomites, when extracted from quarries release calcium and magnesium carbonate in the environment, due to an increase in contact surface for dissolution processes. Still according to these authors, surface water quality is influenced by limestone mining activities and the implications of this finding on water bodies should be better studied, especially regarding the biota of the aquatic ecosystem. Tedd et al. (2017) Figs. 7, 8, 9 ), bicarbonate presented distinctly higher concentrations compared with the others, with seasonal variation of the NBL 90% value (430.07 and 435.64 mg/L).
The highest values of bicarbonate (median -above NBL 90%) (above median = 300.84 mg/L in dry and above median = 325.69 mg/L in rainy season) occurred in the central western region of the watershed, where limestones of the Lagoa Santa Member outcrop. It is important to highlight these values are closely related to the natural dissolution of soils and rocks (Dimitrijevic 1995) , proving these limestones are more karstifiable than the Pedro Leopoldo Member, because they are purer (Galvão et al. 2016) . For sulfate, the high concentrations (above Q3 = 1 mg/L in dry and above Q3 = 2 mg/L in rainy season) dispersed over the watershed suggest geogenic influence due to the water-aquifer interaction related to the direct exchange of anions between groundwater and the clay fraction of the aquifer, which may also originate from rock dissolutions or/and even rainwater (Silva 1983 , Flues et al. 2003 . Meyer (2018) identified for the studied area the occurrence of carbonates with pyrite and galena, which could be the responsible for releasing sulfur into the water.
The anomalies observed (values above NBL 90%) for nitrate (9.25 mg/L in dry and 13.67 mg/L in rainy season), phosphate (0.82 mg/L in dry and 0.68 mg/L in rainy season) and chloride (0.3 mg/L in dry and 0.63 mg/L in rainy season) occurred in the eastern and western regions of the watershed. They are directly connected to human activities, originated from precarious sewage collection and treatment systems, with excessive organic matter found in the environment, or even due to intensive use of nitrogen-based fertilizers, since these areas present high agricultural and livestock productivity (Fig. 3) .
During the rainy season, nitrate presented concentrations higher than the limit of 10 mg/L, established by current legislation: Companhia Ambiental do Estado de São Paulo (CETESB 2014), Conselho Nacional do Meio Ambiente (Conama) No. 396 (Brasil 2008) , Portaria do Ministério da Saúde nº 2.914 (Brasil 2011) , drinking water standards of United States Environmental Protection Agency (USEPA 2017), and Canadian Council of Resource and Environmental Ministers (CCREM 1987) . Zublena et al. (2001) reported that nitrate is considered a powerful carcinogenic agent and high concentrations in supply waters may lead to countless public health problems (Lalehzari et al. 2013) , such as methemoglobinemia, also known as blue baby syndrome, which consists of low blood oxygenation and affects newborns. 
NBL and TV for As

3+
, Ba 2+ and Zn 2+ are shown in Table 3 and Figure 8 , while the maps of Figure 9 present the geographic distribution of these elements.
The highest values of NBL 90% (Fig. 9) . It is important to highlight that values obtained with NBL 90% above 0.02 μg/L for arsenic are considered as "risk areas" by Connecticut, United States. The anomaly observed may be related to either limestones and dolomites of the Sete Lagoas Formation or human contributions derived from the use of fertilizers. According to Tedd et al. (2017) , values of NBL 95% of arsenic (2 μg/L) suggest the occurrence of unconfined aquifers and may indicate the presence of impure limestones (3 μg/L). On the other hand, Villanueva et al. (2014) conducted a hydrochemical characterization of the Salitre Karst Aquifer in Irecê (BA) and observed that the origin of arsenic for the region was related to the inadequate use of fertilizers in crops of the area.
The highest concentrations of barium (94.44 µg/L in dry and 84.35 µg/L in rainy season) and zinc (24.67 µg/L in dry and 37.70 µg/L in rainy season), which were above NBL 90%, were observed in the eastern region of the watershed, thus possibly reflecting the geogenic influence of the granite/gneiss basement. This result corroborates Tedd et al. (2017) these authors, these results may indicate the occurrence of metamorphic rocks.
Therefore, the data collected showed the origin (geogenic or anthropogenic) of each anomaly reported and allowed defining their main source of contribution. Moreover, the data improved the understanding of the hydrochemical behavior of these elements based on values of NBL 90% in face of the seasonality of the region (Tab. 4).
CONCLUSION
The study allowed to determine background values (NBL and TV) and delimitate areas with the highest possibility of anthropogenic and geogenic influences on the geochemical anomalies observed. The use of hydrochemical maps designed according to the spatial distribution of NBL values was shown to be a valuable tool. In addition, the results allowed to elucidate element origin and behavior, and to understand the hydrochemical behavior and influence of seasonality for the elements As 3+ , Ba 2+ , Ca
, Na + and Zn 2+ in the groundwater of the São Miguel River watershed.
Concentrations and values of NBL 90% of nitrate and arsenic surpassed legally established limits, respectively 10 mg/L and 10 µg/L. The origin of these anomalies observed for nitrate was anthropogenic, especially from agricultural and livestock activities. In turn, the origin of arsenic anomalies could be either natural or anthropogenic, demanding more detailed studies in order to understand this condition.
Monitoring the quality of water resources and proposing NBL values for a watershed are essential tools to understand lithological and human influence in the studied groundwater, helping to identify the most vulnerable areas and elucidate the origin of anomalies, providing subsides for the management of these areas.
The term natural background level may give only the idea of geogenic origin. However, the concept refers to concentration values that also depend on the level and type of land use, which also may indicate potential anthropogenic influences. In the case of karst aquifers, they can be very well-interconnected and heterogeneous, making them extremely difficult to verify sources of anomalies (anthropogenic or geogenic) because waters from different origins can be mixed within the aquifer, even seasonally. Thus, studies developed in these areas can be more limited compared to non-karst aquifers. To minimize those limitations, it is important further and more detailed studies about application and concept of NBL in karst regions, associating with other investigation techniques, such as dye tracers, hydrograms and groundwater long-term monitoring. 
